Abstract. Gastrointestinal (GI) carcinoma is a common malignant disease worldwide. Its development and progression is a multistage process involving a multifactorial etiology. Although the detailed mechanisms of the development of GI carcinoma remain controversial, the elucidation of its molecular biology over the last few years has resulted in a better perspective on its epidemiology, carcinogenesis and pathogenesis. More significantly, it is currently possible to use biological indicators or biomarkers in differential diagnosis, prognostic evaluation and specific clinical interventions. In this review, we aimed to describe the biomarkers of pathogenesis, invasion, metastasis and prognosis of GI carcinoma and discuss their potential clinical applications. The majority of these biomarkers, such as tumor-associated antigens, oncogenes and tumor suppressor genes, metastasis-associated genes, cell adhesion molecules, cytokines, growth factors and microRNAs, are currently broadly applicable.
Introduction
The term 'gastrointestinal (GI) carcinoma' comprises esophageal, gastric, liver, pancreatic and colorectal cancer. In this review, only gastric and colorectal cancer are addressed, both of which are a common type of fatal malignancy worldwide. According to GLOBOCAN 2008 (1), a total of 989,600 new gastric cancer cases and 738,000 cancer-related deaths were estimated to have occurred in 2008, accounting for 8% of total cancer cases and 10% of total deaths. Colorectal cancer was the third most commonly diagnosed cancer among males and the second among females, with >1.2 million new cancer cases and 608,700 deaths (2) . Despite the extensive diagnostic and therapeutic interventions, GI carcinoma remains a major health concern (3, 4) . It was demonstrated that the development and progression of GI carcinoma is a multistage process, involving several genetic and epigenetic alterations. Alterations in specific genes or proteins that are involved in diverse cell functions, such as cell proliferation, cell apoptosis and metastasis have been identified (5, 6, 7) , but remain to be elucidated. The altered expressions of these genes or proteins during tumorigenesis may be used as biomarkers, which may provide information regarding the molecular events during the initiation and progression of cancer. They may also affect cancer diagnosis and prognosis and ultimately lead to improvements in the treatment and prevention of malignancies. This review focuses on the biological markers of pathogenesis, invasion, metastasis and prognosis in GI carcinoma and their potential clinical applications.
Tumor-associated antigens (TAAs)
Over the past few years, it was demonstrated that cancer is immunogenic and numerous tumor antigens have been identified in cancer patients. Autoantibodies against TAAs are attractive biomarkers that may be employed as a potential diagnostic and prognostic tool, used for the development of non-invasive serological tests, owing to their specificity and stability in the serum (8) . Unlike circulating proteins that are shed by bulky tumors, serum autoantibodies are detectable even when antigen expression is minimal (9) . The carcinoembryonic antigen (CEA) was first identified in fetal gut tissue. Subsequently, it was detected in the circulation of colorectal cancer patients and was recognized as a serum marker for colorectal cancer. The determination of preoperative CEA serum levels is useful for the diagnosis and prognosis of recurrence and survival in colorectal cancer patients and an increase in the CEA levels is associated with a more advanced tumor stage. Similarly, carbohydrate antigen (CA) 19-9 levels have been shown to increase in the advanced stages of colorectal cancer. Despite its lower sensitivity compared to CEA in the early stages of colorectal cancer, the combination of CEA and CA 19-9 may provide more information compared to CEA alone for the prognosis of recurrence and patient survival (10) . In gastric cancer, CEA and̸or CA 19-9 monitoring following surgery has been proven useful in the prediction of recurrence, particularly in patients exhibiting high preoperative levels of these markers (11, 12) . High levels of CA 72-4 in peritoneal washing were significantly correlated with lymph node metastasis, serosal involvement and a more advanced stage of gastric carcinoma (13) . The sensitivity of serum CA 72-4 is limited; however, the combination of CEA, CA 19-9 and CA 72-4 considerably improved sensitivity without impairing specificity (14, 15) . Since a single diagnostic or prognostic biomarker exhibits poor sensitivity, specificity, or other clinical value, the optimal combination of serum markers in order to enhance their clinical values in the management of GI carcinoma remains a major concern.
Oncogenes and tumor suppressor genes
The mutational activation and/or amplification of several oncogenes has been documented in GI carcinoma. The KRAS gene is one of the most commonly mutated oncogenes associated with colorectal cancer, with codons 12 and 13 of the KRAS gene harboring mutations in 35% of cases (16) . KRAS testing is mandatory if anti-epidermal growth factor receptor (EGFR) therapy is considered for patients with metastatic colorectal cancer. BRAF mutations also appear to be an important negative prognostic factor (17) .
An increased MET copy number was shown to be crucial in determining the prognosis of gastric cancer patients (18) . Overexpression of the c-erbB2 gene, which encodes a receptor tyrosine kinase, has been associated with prognosis and response to therapy in several solid tumors. It was suggested that c-erbB2 overexpression may be of prognostic significance in patients with metastatic gastric cancer (19) .
Ubiquitin C-terminal hydrolase-L1 (UCHL1) belongs to the family of deubiquitinating enzymes, which is involved in the ubiquitin-dependent proteolytic system. The upregulation of UCHL1 has been associated with lymph node metastasis in colorectal cancer. A recent study has suggested that UCHL1 acts as an oncogene and contributes to colorectal cancer progression by activating the β-catenin/T cell factor (TCF) pathway through its deubiquitinating activity (20) .
The p53 gene is one of most important tumor suppressor genes. p53 acts as a potent transcription factor with a fundamental role in the maintenance of genetic stability. A high frequency of p53 mutations, loss of heterozygosity, overexpression of the p53 protein and, consequently, loss of p53 function, are early events in the course of gastric cancer, as well as an important biomarker of the prognosis and treatment response. In addition, single-nucleotide polymorphisms of p53 play a role in the development and prognosis of gastric cancer (21) .
The adenomatous polyposis coli (APC) gene, located on chromosome 5q21-22, acts as an antagonist of the Wnt signaling pathway. It was shown to be involved in genetic instability and is frequently deleted in GI carcinomas. A positive correlation was previously reported between a decrease in the APC copy number and tumor progression (22) .
Another tumor suppressor gene at 10q23.3, designated as phosphatase and tensin homolog (PTEN), encoding a dual-specificity phosphatase with lipid and protein phosphatase activity, was shown to be crucial in the pathogenesis of a variety of human cancers. Frequent mutations and deletions of PTEN genes have also been detected in GI carcinoma (23, 24) .
Metastasis-associated genes
The metastasis-associated 1 (MTA1) gene encodes a protein that was identified in a screen for genes expressed in metastatic cells, particularly in mammary adenocarcinoma cell lines. The expression of this gene has been correlated with metastatic potential. A previous study suggested that the MTA1 protein may have several functions in cellular signaling, chromosome remodeling and transcription processes that are important for the progression, invasion and growth of metastatic epithelial cells (25, 26) . In colorectal cancer, as a regulator of tumor-associated lymphangiogenesis, MTA1 promotes lymphangiogenesis by mediating the expression of vascular endothelial growth factor (VEGF)-C (27) .
The expression of metastasis suppressor gene nm23 was shown to be higher in neoplastic colorectal carcinoma tissue compared to the adjacent non-neoplastic mucosa, exhibiting a correlation with longer disease-free survival (28) . The overexpression of nm23 may be involved in carcinogenesis and a decrease in nm23 expression was previously shown to be associated with metastasis of GI carcinoma (29).
The KISS-1 gene maps to chromosome 1 bands q32-q41 and encodes a largely hydrophobic 145-amino acid protein. KISS-1 acts as a tumor metastasis suppressor and its expression is weak or undetectable in human tumors. In gastric carcinoma, KISS-1 may inhibit the invasion and metastasis in vitro and in vivo, through the downregulation of matrix metalloproteinase (MMP)-9 (30). Aberrant expression of KISS-1 and MMP-9 are closely associated with lymph node metastasis (31).
KAI1 (CD82), another tumor metastasis suppressor gene, belongs to the transmembrane 4 superfamily, the members of which exert inhibitory effects on tumor cell motility and metastasis. The loss of KAI1 may be considered a significant prognostic parameter in the prediction of the progression of GI carcinomas, when evaluated along with clinical and pathological parameters (32,33). Spliced KAI1, in which exon 7 has been deleted, differs from the wild-type KAI1 with respect to cell motility, adhesion, tumor growth and metastasis. The expression of spliced KAI1 may be a better marker for poor prognosis in gastric cancer patients (34).
Other metastasis-associated genes, such as girdin, chemokine ligand (CCL)2 and SNCG, may be used as accurate predictors of liver metastasis in colorectal cancer when combined with clinicopathological characteristics (35,36). NR4A2 and HSP90AA1 have been considered promising diagnostic markers and therapeutic targets for the liver metastasis of gastric cancer (37). The S100A4 and CTNNB1 genes were also closely associated with peritoneal metastasis of gastric adenocarcinoma (38).
Cell cycle and apoptosis regulators
Aberrations in the cell cycle regulators are common in several tumors and have been shown to be of prognostic significance in GI carcinoma. Cyclin and cyclin-dependent kinase (CDK) are crucial in cell cycle regulation. The overexpression of cyclin E and CDK-2 and the downregulated expression of p57 (KIP2) may play important roles in the development and metastatic potential of gastric cancer (39). A previous study demonstrated that there was no significant association between cyclin E expression and clinicopathological variables; however, cyclin G2 appeared to be a negative cell cycle regulator in gastric cancer, with its expression being inversely correlated with gastric cancer progression (40). In addition, the expression of cyclin E was not identified as a predictor of survival in a series of patients with gastric cancer (41). Therefore, cyclin E may not be a suitable biomarker. Cyclin D1 overexpression was associated with longer survival in colon cancer patients (42) and the coexistence of cyclin D1 and VEGF protein expression was shown to be a poor prognostic factor for UICC stage I-III colorectal cancer patients following curative resection (43). Of note, cyclin D1 expression was significantly associated with prolonged survival in male colorectal cancer patients. Those findings supported an important role for cyclin D1 in colorectal carcinogenesis and added further weight to the accumulated evidence indicating that colorectal cancer was indeed a hormone-dependent malignancy, for which prognostic and treatment-predictive molecular biomarkers should be differentially evaluated in women and men (44). The expression of cyclin D1 and P21WAF1 was also associated with tumor drug resistance. Therefore, the measurement of cyclin D1 and P21WAF1 may be of reference value in the selection of chemotherapeutic drugs (45).
Cyclin L2 is a novel member of the cyclin family. The overexpression of the cyclin L2 protein may promote efficient growth inhibition and enhance chemosensitivity to chemotherapeutic agents in human gastric cancer cells through the induction of G0/G1 cell cycle arrest and apoptosis (46). CDK8, the gene encoding the CDK component of the mediator complex, may lead to the identification of a subset of colon cancer patients with a poor prognosis (47).
The p16 gene is crucial for cell cycle regulation. The expression of p16, alone or in combination with p53, was shown to be predictive of a better prognosis in colorectal adenocarcinoma in Tunisian patients (48). The repression of p16 may promote cell growth and metastasis in colorectal cancer (46). In addition, p16 methylation in the serum may be used as a follow-up marker for the recurrence of colorectal cancer (50).
The expression of cell cycle regulators p21 and p27 has been used as a predictor of disease outcome in colorectal carcinoma (51). Previously reported data suggested that CDK8 detection and β-catenin delocalization may be associated with a poor prognosis and, thus, CDK8 interference may be a promising therapeutic modality for gastric adenocarcinoma (52) .
CDK subunit 1 (Cks1) and S-phase kinase-associated protein 2 (Skp2) were shown to regulate the expression level of the p27 protein and play an important role in gastric carcinoma progression, which renders them a novel target for the treatment of gastric carcinoma, as well as strong prognostic markers (53) . CDKL1 may also be a novel therapeutic target (54) .
Apoptosis, or programmed cell death, via the caspase cascade, is involved in tumorigenesis and cancer progression. Thus, the altered expression of apoptosis-related proteins may be of clinical and prognostic significance. Moreover, the apoptotic pathway is highlighted due to the recent introduction of apoptosis-targeted therapy for several genes. The p53 protein, as well as the Bcl-2 family proteins, such as Bax, Bak and Bcl-xL may regulate apoptosis. Disturbances in the expression of the p53, Bax, Bcl-xL and Bak proteins have been associated with their involvement in the process of gastric carcinogenesis and it was suggested that they may appear during the early phases of carcinogenesis (55) . The efficacy of adjuvant chemotherapy for gastric cancer may be affected by the status of apoptosis-related proteins, such as p53, p21, Bax and Mcl-1 (56) . The expression of Bax was shown to be predictive of a favorable clinical outcome in chemonaive patients with advanced gastric cancer treated with capecitabine, oxaliplatin and irinotecan (57) . A low expression of Bax was significantly associated with poor survival of patients with metastatic or recurrent gastric cancer treated with the FOLFOX regimen. The immunohistochemical staining for Bax in pretreatment biopsy specimens may be useful in the selection of the FOLFOX regimen as a treatment option for patients with advanced gastric cancer (58) . The expression of Bcl-2 was identified as an independent prognostic factor for Chinese patients with gastric cancer and it may be a candidate for the gastric cancer staging system (59) . The patient group that expressed Bcl-2 exhibited longer survival (60) . The regulation of the Bax/Bcl-2 ratio and the caspase-9-dependent pathway may induce apoptosis (61) . Moreover, the expression of the X-linked inhibitor of apoptosis protein (XIAP) was associated with a poor prognosis and the expression of cleaved caspase-3 was associated with early cancer stage and they were both identified as independent prognostic factors. Those findings may help identify gastric cancer patients that are likely to benefit from apoptosis-targeted therapy (62).
Cell adhesion molecules
Cell adhesion molecules (CAMs) play a vital role in the metastatic potential of GI carcinoma and, thus, affect the prognosis of this type of malignancy. The downregulation of cadherins and catenins facilitates tumor cell detachment from the primary site, whereas the expression of integrins, selectins and members of the immunoglobulin superfamily may support neoplastic progression, intravasation and malignant cell attachment to foreign tissue, leading to the development of metastases (63) . The classical cadherins comprise E-, P-, N-and R-cadherin. Establishing the stability of the cadherin-catenin complex significantly contributes to cell-cell adhesive junctions in epithelial tissues, playing pivotal roles in important morphogenetic and differentiation processes during development and in maintaining integrity and homeostasis in adult tissues. In general, cadherin genes are regarded as tumor suppressors. Currently, it is widely accepted that downregulation of these molecules is observed during tumor progression and often results in tissue disorder, cellular de-differentiation, increased invasiveness of tumor cells and, ultimately, metastasis (64) . The detection of E-cadherin expression may help characterize gastric carcinoma histotypes (65, 66) and the loss of E-cadherin may promote tumor growth, invasion and drug resistance and be associated with metastasis (64) . Therefore, E-cadherin may prove useful in predicting prognosis and designing adjuvant therapy in GI carcinoma patients (68) .
Measuring serum E-cadherin levels may also provide valuable information (69) . In addition, elevated N-and P-cadherin expression may be a useful marker independent of E-cadherin expression, favoring a better prognosis (70, 71) . However, it was recently demonstrated that P-cadherin contributes to the development of several types of tumors, including gastric and colon carcinomas, which suggests that blocking the activity of P-cadherin or its associated signaling pathway may be a valuable treatment target (72, 73) . Therefore, further investigation of the function of P-cadherin is required.
Accumulating evidence indicates that selectins in conjunction with their ligands may regulate circulating cancer cell communication and adhesion to the walls of blood vessels (74) . Recent clinical studies investigated the role of selectins in GI carcinoma and measurements of their soluble forms demonstrated that high serum values were significantly correlated with metastasis, prognosis and relapse (75, 76) .
Integrins are heterodimer cell surface receptors that interact with the extracellular matrix (ECM) and regulate intracellular communication via outside-in and inside-out signaling. Functional blocking of specific integrins may inhibit GI carcinoma invasion and migration (77) .
The immunoglobulin superfamily consists of numerous cell surface and soluble proteins, such as intercellular adhesion molecules (ICAMs) and vascular cell adhesion molecule 1 (VCAM-1), which are involved in intercellular recognition, binding and adhesion. The increased serum concentrations of ICAM-1 and VCAM-1 were highly associated with metastasis and recurrence in GI carcinoma and, thus, may prove to be useful clinical biomarkers (78, 79) .
The involvement of CAMs in numerous aspects of GI carcinoma progression, distant metastases and relapse has been applied in therapeutic experiments and clinical trials. Anti-adhesion treatment against GI carcinoma is currently under development and may be successfully used in the clinical practice in the immediate future (63).
Growth factors, cytokines and angiogenic factors
The tumor microenvironment plays a vital role in tumor proliferation, invasion and metastasis and GI carcinoma is no exception. Numerous cytokines and growth factors are an important component of the tumor microenvironment. It was previously determined that human GI carcinoma overexpresses numerous cytokines, growth factors and their receptors, such as tumor necrosis factor (TNF), transforming growth factor (TGF), interleukin (IL), chemotactic cytokines (chemokines), VEGF, fibroblast growth factor (FGF), epidermal growth factor (EGF) family and insulin-like growth factor (IGF). The abundance of growth-promoting signaling and the disturbance of growth inhibitory signaling may lead to self-sufficiency in growth signaling and evasion of programmed cell death and to enhancement of angiogenesis, tumor growth and metastasis (6) . The investigation and analysis of the expression of cytokines, growth factors and their receptors may be associated with the clinical diagnosis, treatment and prognosis of GI carcinoma.
In the tumor microenvironment, IL-8 and its chemokine receptor 2 (CXCR2) promoted gastric (80) and colon cancer growth, progression and metastasis (81, 82) . The expression of IL-4, IL-4R and IL-13R were involved in the process of local metastasis of colorectal cancer, whereas the expression of IL-13 has been shown to affect survival. These interleukins and their receptors may prove to be attractive targets for the treatment of colorectal cancer (83) . In addition, the detection of IL-4, IL-6 and IL-10 expression may be useful as a molecular marker approach for distinguishing stages II and III of gastric cancer, as well as low-level and moderate cancer differentiation (84) .
The FGF receptor (FGFR) family and their ligands, FGFs, are differentially expressed in GI carcinoma. It was previously suggested that FGF receptor signaling may contribute to the progression of GI carcinoma and a monoclonal antibody against FGFR appears promising in clinical therapy (85, 86) .
Chemokine CCL7 and CCL21 overexpression in gastric cancer was associated with lymph node metastasis and poor prognosis (87) and CCL5 was involved in the pathogenesis of colorectal carcinoma (88) . However, CCL25 and its cognate receptor CXCR9 inhibit colorectal cancer invasion and metastasis (89) . The stromal cell-derived factor-1 (SDF-1) and its receptor CXCR4 play pivotal roles in tumor metastasis and drug resistance. Thus, hampering the SDF-1̸CXCR4 crosstalk may be a promising strategy for clinical therapy (90, 91) .
It has been established that TGF-β1 signaling is crucial in connecting aberrant inflammation to colorectal tumorigenesis (92) . Data on TGF-β1 and TGF-βRII expression demonstrated an association with clinicopathological parameters, particularly differentiation and histological type. It was previously reported that TGF-β1-positive patients exhibited a shorter overall survival compared to TGF-β1-negative patients with gastric cancer (93) . Furthermore, EGFR positivity may be associated with poor patient outcomes following curative resection of stage II/III gastric cancer (94) .
The hepatocyte growth factor (HGF)/c-Met signaling pathway is involved in the pathogenesis and progression of colon cancer (95) . Solid tumor growth is dependent on angiogenesis, which provides oxygen and nutrients to the metastatic site and facilitates the development of metastasis.
During tumor angiogenesis, the critical steps are the outgrowth of endothelial cells from pre-existing capillary vessels and their migration from parental vessels (96) and VEGF is considered a prime mediator of this process. VEGF receptor (VEGFR)-2 and VEGFR-3 expression were identified as markers of poor prognosis in patients with surgically resected colorectal adenocarcinoma (97) . Overexpression of VEGF was shown to be an important predictor of early postoperative relapse (98) and it was suggested that the inhibition of VEGF may promote the senescence of colorectal cancer cells (99) . Accumulating evidence indicates that the clinical outcome may be associated with VEGF overexpression in non-tumor areas (VEGF nt ). VEGF expression in colorectal cancer tissue was shown to be higher in tumor (VEGF t ) compared to that in non-tumor areas. Indeed, patients with a VEGF t ̸VEGF nt ratio of >2 exhibited longer survival (100). It was also reported that VEGF small interfering RNA may induce apoptosis (101) . In addition, serum VEGF tracking may be useful in monitoring tumor progression. Preoperative measurement of serum VEGF levels may help identify patients with a poor prognosis (102, 103) . Furthermore, VEGF gene polymorphisms may be associated with gastric cancer in Chinese Han patients and the differences in genotype distribution may be associated with the location and Lauren's classification of gastric cancer (104).
Matrix metalloproteinases (MMPs)
The controlled degradation of the ECM is essential for the growth, invasion and metastasis of malignant tumors and for tumor-induced angiogenesis. MMPs are a family of zinc-dependent neutral endopeptidases, collectively capable of degrading the ECM components and they appear to play an important role in all the aspects of tumor development (105) . A positive correlation was previously demonstrated between MMP expression and the invasive and metastatic potential of GI carcinoma. High levels of MMP-1 mRNA expression were detected in the peripheral blood and bone marrow of gastric cancer patients, accurately reflecting gastric cancer stage. Therefore, MMP-1 may be involved in the development and metastasis of gastric cancer (106) . As an independent prognostic factor of colon carcinoma, the expression of MMP-1 in cancer tissue exhibits different prognostic implications according to various stages (107).
MMP-2 was shown to be an important factor associated with the development and metastasis of gastric and colorectal cancer and may be used as a prognostic marker (108, 109) .
The overexpression of MMP-7 may play an important role in the pathogenesis of colorectal cancer and the combined detection with a reduced PTEN expression may provide prognostic benefit for colorectal cancer (110, 111) . Furthermore, MMP-7 was associated with poor overall survival in gastric cancer (112) .
Other MMPs, such as MMP-15 and -19, were identified as stromal regulators in the early stages of colorectal cancer development and may also prove to be useful biomarkers for GI carcinoma (113) .
The inhibition of MMPs has been investigated as a therapeutic target. Under normal physiological conditions, MMP activity is regulated by the tissue inhibitors of metalloproteinases (TIMPs) and any alteration in this regulatory process may lead to pathological conditions. Although previous studies demonstrated the expression of TIMPs in the tumor tissue and stroma, the prognostic value of TIMP expression has not established. For example, the overexpression of TIMP-1 may correlate with poor outcomes in gastric and colorectal cancer (114, 115) , although it was also reported that TIMP-1 expression in gastric cancer cells may prevent metastasis (116) . Similarly, the transfection of the TIMP-1 gene through adenoviral mediation exerted a suppressive effect on peritoneal metastases from gastric cancer (117) . The imbalance between MMPs and TIMPs may facilitate the progression and metastasis of cancer cells. The evaluation of either MMP or TIMP expression alone may not always be sufficient for prognostication of malignancies, with the MMP:TIMP ratio being more descriptive (118) . Therefore, the estimation and adjustment of the MMP:TIMP ratio may become a clinical diagnostic and therapeutic target in the future.
MicroRNAs
MicroRNAs (miRNAs) are small, non-coding RNA segments that regulate gene expression at the post-transcriptional level and are crucial in cancer development, progression and metastasis. Specific miRNAs may act as either tumor suppressors or oncogenes, depending on the cellular environment within which they are expressed. The significant biological stability of miRNAs opens novel fields in biomarker research, with potential clinical implementation in screening, diagnosis, prediction of prognosis and therapeutic management. There is an increasing understanding of the potential use of miRNAs as biomarkers of GI carcinoma. Plasma miRNAs, such as miR-223, -21, -218, -199a-3p, -221, -376c and -744, constitute reliable and non-invasive markers and show potential as novel biomarkers for the early detection of gastric cancer (119, 120) . In addition, gastric juice miRNAs, such as miR-421, were shown to be useful biomarkers (121) . Circulating miR-17-5p/20a and miR-200c may be promising molecular markers for the pathological progression, prediction of prognosis and monitoring of the chemotherapeutic effects of gastric cancer (122, 123) . Increased plasma miR-21 levels were detected in colorectal cancer, whereas circulating miR-34a levels were reduced, representing a promising biomarker for colorectal cancer (124, 125) . In addition, tissue miRNAs, such as miR-107 and -223, were shown to act as oncogenes in human gastric cancer, promoting cancer invasion and metastasis (126, 127) . miR-21, -31, -96, -135b and -92a may be involved in colorectal cancer development and progression and miR-135b levels, in particular, may correlate with the degree of malignancy (128, 129) . miR-200c was shown to play an important role in mediating epithelial-mesenchymal transition (EMT) and metastatic behavior in colon cancer. Its expression is epigenetically regulated and miR-200c may serve as a potential diagnostic marker and therapeutic target for patients with colorectal cancer (130) . According to previous studies, miR-155, -495 and -551a may act as tumor suppressors to regulate gastric cancer cell invasion and metastasis and those findings contributed to the understanding of the functions of miRNA mimics in gastric cancer gene therapy (131, 132) . In patients harboring KRAS mutations, let-7a analysis may help identify subgroups of patients who may benefit from EGFR inhibition, opening up new perspectives for alternative treatment strategies (133) . It was demonstrated that miR-222 modulated multidrug resistance (MDR) in human colorectal carcinoma by downregulating ADAM metallopeptidase domain 17 (ADAM-17), suggesting that miR-222 plays a role in the development of MDR through the modulation of ADAM-17, a novel MDR treatment target in colorectal carcinoma cells (134) . Furthermore, miRNA profiling using formalin-fixed, paraffin-embedded samples may be a useful and promising evaluation method of samples stored in laboratories worldwide and may generate valuable clinical data in gastric cancer patients, identifying miR-34a as an independent prognostic factor (135).
Conclusion
The development of GI carcinoma is a complex, multistep process, involving numerous genetic and epigenetic alterations in oncogenes, tumor suppressor genes, DNA repair genes, telomeres and telomerases, cell cycle regulators and signaling molecules. Genomic instability, either microsatellite or chromosomal, leads to the accumulation of genetic alterations and participates in the pathogenetic process. Additionally, certain aberrant epigenetic modifications are closely associated with tumor progression and may be candidate diagnostic and prognostic factors. Among the various epigenetic alterations that lead to modified gene expression, the most important are considered to be DNA methylation and chromatin remodeling by histone modification. Furthermore, genetic polymorphism is an important determinant of the endogenous causes of cancer.
An important objective of current investigations is to identify novel biomarkers that may detect tumors in the early stages and accurately indicate the status of the disease. The availability of validated biological markers for early tumor detection, selection of adjuvant therapy, prediction and monitoring of treatment efficacy are likely to increase survival. The aim of this review was to summarize the potential biomarkers for GI carcinoma. Any molecular alterations, genetic and̸or epigenetic, involved in the progression and metastasis of GI carcinoma, may be identified as a valuable biomarker. Currently, with the development of the 'omic' and other new technologies, it is easier to achieve a comprehensive approach to cancer biomarker identification. A limitation of the present review is that we only addressed the expression of well-known genes or proteins, such as TAAs, oncogenes and tumor suppressor genes, metastasis-associated genes, cytokines, growth factors and miRNAs. In addition, due to the numerous molecular alterations and the complications in the histopathology of GI carcinoma, the significance of these molecular changes for the pathogenesis of GI carcinoma remains to be further elucidated. The identification and characterization of the critical molecular alterations in GI carcinoma may hold great promise for the screening, classification, diagnosis, prognosis and, most importantly, the development of novel therapeutic targets for this type of malignancy. 
